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It should be evident from the rocky character of the soil
of the watershed, and still more from the layer of rock
fragments covering its surface, that the soil is permeable
and receptive to water—a fact of the utmost importance
when considering the results of this experiment and their
application under other conditions. Whether this ability
to absorb water is the primary factor explaining the steady
flow of the streams (it is evident from certain calcula-
tions that the watersheds can not drain dry in less than
6 or possibly 12 months), or whether the rather remark-
able water-holding capacity of the slopes denotes a soil
of more retentive character next to the bedrock and in
its crevices is perhaps unimportant. It is highly prob-
able, however, that clay in crevices causes a very slow
draining out of the water which penetrates most deeply.
Such a condition was observed where the dams were
constructed.

SUMMARY AND CONCLUSIONS
SUMMARY
CONDITIONS OF EXPERIMENT

1. This experiment deals with streamflow from two
mountain watersheds of about 200 acres each, located on
the drainage of the Rio Grande in southern Colorado.
Their elevations are between 9,000 and 11,000 feet,

whereas the areas in Colorado producing living streams

extend mainly from 8,000 to the highest peaks, some of
which are 14,000 feet in altitude. These watersheds
therefore should be average or only slightly below in
water-yielding capacity.’

2. The geological formation of the locality, a quartz-
latite flow of great uniformity over the two watersheds,
and the coarse, sandy soil derived therefrom, containing
and covered by many small rock fragments, were condu-
cive to a very high degree of absorption of rain and snow
water. Hence there appeared very little surface run-off
at any stage of the experiment, and the quantities of soil
eroded were of extremely small magnitude. Only the
coarse granitic soils occurring in portions of Colorado
would be likely to show greater absorptive and storage
capacities than the soils of these watersheds; the igneous
formations, in general, produce somewhat finer soils;
the sedimentaries of the high plateaus of southern Colo-
rado and of the foothills of both the eastern and western
slopes might be expected to absorb water less readily and
to be much more erodable. It is, therefore, evident that
a very conservative basis was selected for demonstrating
the possible effects of forest removal on streamflow and
erosion, particularly the effects of soil disturbance and
change.

3. The forest cover of both watersheds, though far
lighter than the undisturbed stands at similar elevations
in the Rocky Mountain region, was fairly typical of the
region as a whole, it having been heavily visited by fires.
The original forest was mainly Douglas fir at the lower
and Engelman spruce at the higher elevations. These
areas were burned over about 35 years ago, watershed B
(the one which was denuded in the experiment) having
been burned somewhat more extensively than A. The
burned areas had come back largely to a scrubby growth
of aspen, which, while forming dense thickets and thereby
protecting the soil adequately, is obviously less effective
than conifers as a shade to retard the melting of snow.
Consequently any effect on snow melting from the re-
moval of such a cover would be moderate in comparison
with the effect of removing a complete canopy formed by
evergreens,
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4. Stream flow and the meteorological conditions of
both watersheds were recorded continuously from late
in 1910 until October 1, 1926, triangular-notch wiers
and Friez automatic waterstage recorders being em-
ployed to assure the greatest possible precision in the
measurements of streamflow,

October 1 was taken as the starting point for the stream-
flow year, and the data both of stream flow and precipita-
tion have been summarized accordingly from October 1,
1911, for the eight years before denudation of B and the
seven years subsequent thereto.

So far as known, this experiment differs from any other
oxperiment of a like nature ever made in that streamflow
measurements were maintained throughout the extreme
low temperature of winter, —25° ¥, (—31.7° C.). -

5. The denudation of B watershed was started in July,
1919, but was not completed until late in 1920. About
one-fifth of the total ground area was burned over and
sufficiently heated to prevent the immediate sprouting
of the aspen from rootstocks. Elsewhere the vegetation
and soil were little affected and a feeble.growth of aspen
started almost immediately over most of the area. At
the end of 1926 this had reached an average height of 4
feet, but conifers were, of course, lacking.

GENERAL CLIMATIC CONDITIONS

6. The outstanding characteristics of eclimate and
streamflow established during the first eight years of the
experiment were as follows:

(a¢) A mean annual temperature of about 34° F.,

(8) A mean annual precipitation of about 21 inches.

(¢) Precipitation about half snow and half rain.
Except on the south slopes there is practically no melting
throughout the winter until after March 1. About one-
half of the total annual precipitation is released during
the melting period, which ordinarily does not end until
about June 1. More than 55 per cent of the total annual
run-off appears during the flood stage, the average time of
which is from March 30 to June 30, under the arbitrary
limitations set for it.

(d) Owing to differences in conformation and under-
ground conditions of the two watersheds, B is a more
effective storage reservoir than A, and consequently its
stream neither reaches a peak of flow quite so soon as
that of A, nor drains out the excess from the spring flood
and storage 30 soon. The lag during the rise of the flood
seems to be further accentuated by the fact that the
orientation and other features of B do not permit the
early season insolation to be as effective as on A in melting
the snow, especially near the stream channel. The
importance of this is that the constant lag of B makes
difficult the direct comparison of the height of the two
streams at any given time. It is apparent from the ratios
of run-off to current precipitation that B carries over
from one year to the next a greater quantity of ground
water than is carried over by A.

() As much as 42 per cent of the current year’s precip-
itation may appear as run-off when the precipitation is
sufficient and snow-melting conditions are favorable
and as little as 17 per cent in years of low precipitation
and unfavorable climatic conditions.

The losses of water by evaporation remain fairly con-
stant at about 15 inches per annum, although by reason
of the hold-over water from one year to another an ac-
curate determination of this point is impracticable.

CLIMATIC COMPARISON OF TWO PERIODS

7. The mean annual temperature of watershed A as
deduced from hourly readings for both periods was
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identical; considering monthly means, however, there
were material differences in several months, thus April,
October, and November were colder in the second period
than in the first and December was warmer.

The mean annual temperature of B watershed was 0.2°
colder than A during the first period and 1.1° warmer
during the second; apparently the effect of denudation
of B was to increase the annual mean by 1.3°.

8. The mean annual maximum temperature of B in
the second period was 2.5° higher than in the first period,
and that of A in the second period was 0.4° higher;
therefore the net increase in B maximum due to denuda-
tion was 2.1°,

9, The mean annual minimum of B watershed after

.-denudation was 0.4° higher than before, whereas that
of A watershed was 0.3° lower; the total increase in B
minimum attributable to denudation was, therefore, 0.7°.

Summing the increases in both maximum and mini-
mum gives 2.8° and dividing by two gives 1.4° as the
total increase in the annual mean temperature, or one-
tenth of a degree greater than was obtained by using
means deduced from hourly readings.

10. Judging from the record of the A watershed the
second period was the less windy of the two. The aver-
age velocity for A was 2.2 m. p. h. in the first period and
1.9 m. p. h. in the second period, or a drop of 0.3 m. p. h.
The average velocity for the B watershed in the first
period was 1.0 m. p. h., and in the second 3.3 m. p. h,,
an apparent increase due to denudation of 2.3 m. p. h.;
but since according to the A record the first period was
more windy than the second by 0.3 m. p. h., the corrected
velocity for the second period should be 3.6 m. p. h,,
an increase of about 260 per cent. This result is, how-
ever, of strictly local application.

11. Snow melting at all stages was undoubtedly ad-
vanced on B as a result of denudation. Judging from
the dates of disappearance of accumulated snow from
the several snow scales, the average date of snow melting
on B watershed has been advanced four days, using A
for both periods as a basis of comparison.

12. The mean relative humidity as measured at 9 a. m.
at the north slope stations was before denudation slightly

reater for B than for A, After denudation most of this
ifference disappeared. The effect then was to make the
- atmosphere over B relatively somewhat drier. It is
very doubtful whether the difference between B and A at
either stage was significant of aything more than slightly
different local conditions under which the psychrometers
were oxposed, of such a nature that observations at
another hour might have reversed the relative positions.

EFFECTS OF DENUDATION ON STREAM FLOW

13. In the predenudation years the average annual
precipitation on watershed A was 21.03 inches; the aver-
agf}1 run-off of A was 6.08 inches and that of B was 6.18
inches.

In the postdenudation period the average precipitation
was 21.16 inches, the flow of A 6.20 inches and that of B
7.26 inches. These figures indicate an excess flow from
B of about 0.96 inch for the average of seven postdenuda-
tion years. The greatest excess was doubtless piled up
in the third year and amounted to nearly 2 inches while
in the sixth and seventh years it had dwindled to a little
more than one-half inch.

VOLUME AND HEIGHT OF FLOODB

14. The greater portion of the excess discharge result-
ing from denudation occurs in the spring flood and in the
earlier part of that flood. Comparisons of the natural
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flood periods of both streams show that prior to denuda-
tion A discharged an average of 3.44 inches and B 3.39
inches in this period. After denudation, A discharged
3.51 inches in the three months of flood, and B 4.25
inches, an apparent increase of 0.79 inch. The distribu-
tion of these excesses by years was essentially the same as
that of the whole excesses, the third year having an excess
of about 1.53 inches.

Treating the floods as covering the period March 1 to
July 10 of each year, gives a perhaps more reliable basis
for comparison and shows the average excess for B to
have been 0.80 inch, or possibly as much as 0.84 inch if
factors affecting both streams in the second period be
given proper weight. Of the obvious amount, 0.61 inch
of 76 per cent is chargeable to the period before May 15,
when A stream usually crests, and all has been delivered
by June 10.

15. The period of rise from the earliest melting to the
crest of the spring flood is perhaps more susceptible to
close unalysis than any other, because at this time the
trends of the two streams are in the same direction;
there is little confusion of influences. In the predenuda-
tion period B always appeared less susceptible to early
melting influences than A and lagged behind from the
time the rise of A became rapid and until after the crest
of A. In the second period the rise of B was always
ahead of A, the beginning having been advanced about
12 days. The volumes discharged up to and including
the crest day for A were, in the first period 1.29 inches
for A and 1.07 inches for B. In the second period the
corresponding quantities were 1.74 and 2.20 inches,
the average crest-day being somewhat later in this
period. The excess discharge of B during the rise, as a
result of denudation, reached a maximym of 1.23 inches
in the second year. This occurrence was to be expected
as a result of the burning in the fall of the first year.
Later the charcoal spots became covered in some degree
by vegetation and probably were less effective in hasten-
ing melting.

16. The crests of the floods on B were advanced only
about three days by the tendency toward earlier melting
after denudation, because the crests are usually brought
about by, and occur very quickly after, a few exception-
ally warm days. The time is usually late enough so
that both watersheds are equally affected by the high
temperatures. The height of the B crests, formerly
averaging only 6 per cent greater than those of A were,
however, increased by denudation so that their average
excess over those of A was 64 per cent. One crest of%
before denudation, that of 1912, exceeded the A crest by
33 per cent. In 1922 crest of B, though not quite so
high as 1912, exceeded that of A by 85 per cent. These
differences, perhaps more than any others, explain the
increased erosion of B watershed after denuding and are
characteristic of the extreme effects in the flood stage
that are commonly ascribed to forest removal.

17. Except in the second year after denudation when
the early flood on B was so much heavier than that on
A, there is no indication of appreciable shortages during
the declining periods of the floods. The average excess,
however, at this time is only 0.12 to 0.19 inch, depending
on the use of the ‘“technical”’ or ‘“arbitrary” flood
calculation.

STREAM FLOW DEPENDENT ON STORAGE

The average summer flow of A, July 10 to September
30, inclusive, was 0.90 inch before denudation and 0.90
inch afterwards. That of B was 0.82 inch in the first
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period and 0.91 in the second, a gain of 0.09 inch. Anal-
ysis of the causes of variations in the summer flow of B
stream for different years indicates that size of the spring
flood is the most important factor, lateness of the flood
has a slight effect, and current precipitation enters in
to the extent of approximately 34 per cent of the pre-
denudation flow.

Because of somewhat larger floods on A in the second
period, the average summer flow of B should have been
probably nearly 0.83 inch. There was thus an excess of
about 0.08 inch in the average year, using the flood
discharge of A as the criterion.

The distribution is irregular, but the first year after
denuding apparently produced the least excess as might
have been expected from the incompleteness of the
denudation and the lack, at that time, of any accumulated
ground water to sustain the flow.

It is well to point out that the slight summer excesses
do not necessarily mean a saving of water during the
summer period, as is likely to be the first impression.
The volume of summer flow is nearly two-thirds depend-
ent on the water placed.in storage during the flood stage.
Considering the size of the spring floods on B, an excess
summer flow of about 0.09 inch on the average might
have been expected. Since only this expected flow was
delivered, it 1s more than ever evident that decreased
transpiration following denudation was counterbalanced
by increase in evaporation from ground surface and
from such vegetation as took the place of trees.

19. The fall and winter period, October to February,
inclusive, is essentially a period of storage of precipitation
and draining out of deeper ground water, since precipita-
tion occurs principally as snow.

There is usually some melting in Mar¢h, and on B
after denudation, nearly always enough to bring the
stream up to flood stage about the end of that month.
Such melting as occurs on the south exposures throughout
the winter must largely be lost by immediate evaporation
or may to some extent augment ground water in areas
which are mostly too dry to contiibute to winter stream
flow, because the streams show only occasional slight
rises, and in general decline to the middle of February.
Possibly as much as 25 per cent of the annual precipita-
tion evaporates during the cold weather, October to
February, inclusive, or at least before the snow has all
melted.

In the predenudation period the discharge of A aver-
aged 1.40 inches for the period of 5 months and of B 1.59
inches, or, exclusive of the fall flood year (1911-12), 1.28
and 1.47 inches, respectively. The second period seems
to have been essentially comparable in winter conditions,
although the average December temperatures were appre-
ciably higher in the second period. This, and probably
the larger amount of storage water still held over, may
account for slightly higher discharge of A, 1.38 inches
when compared with the last seven years of the prede-
nudation period; that of B was 1.63 inches. There is
thus indicated a gain of 0.06 inch in discharge of B, but
analysis shows that the rates earlier in the year might
have produced a winter flow from B of about 1.61 inches,
so that only 0.02 inch remains as the apparent excess.

20. The slight excess discharge of B during the winter,
resulting from denudation, seems not to be accounted for
by more effective snow melting, though this undoubtedly
occurred to some extent, affecting principally the upper
layers of the soil. In the first period, exclusive of
1911-12, B showed an average ratio to A of 1.06 in
October, and this climbed steadily to 1.22 in February,
indicating that B was being held up more than A by
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current melting. But it is probable that this steady
relative rise reflects only the greater storage capacity of
B, in other words, the more complete draining out of A.
In the second period, B was absolutely and relatively
higher than A in October, the ratio being then 1.15 and
this ratio again climbed to 1.22 in February. Further-
more, comparison of the minima reached in February
indicates that both streams remained higher in the
second period, but B relatively no higher than A. The
difference, then, must be due entirely to the higher stage
of B throughout the flood and summer stages preceding.

CAUSES OF INCREASED STREAM FLOW

21. The discharge of B, even more markedly than
stream A, is kept up after the end of the flood by water
probably traceable back to the snowfall of the previous
winter. The annual excess flow from B after denudation
was nearly 0.96 inch. About 0.68 inch of this excess
comes down before the crest of the flood, 0.12 during
the decline of the flood, 0.09 in the summer months, and
nearly 0.07 inch in the five winter months. If it be said
that all of the excess discharge after the flood period is
due to decreased transpiration during summer—which
plainly is not the case—there is still left the larger part
of the total, or about 0.80 inch, which appears as excess
during the flood, and most of which can be accounted
for only as a saving during the winter accumulation
period. Both lack of interception by tree crowns, and
a slightly earlier melting in spring, reducing the loss by
evaporation, probably contribute to this end. Advanc-
ing the melting period in the spring by as much as 10
days may reduce the opportunity for evaporation, which
amounts, on the average, to nearly one-half inc¢h for
every 10 days of the year, and must be especially great
when melting is prolonged #nd the ground remains satu-
rated well into summer. Another change effected by
denudation is to permit the snow to fall more evenly
and with less exposed surface—except as it forms drifts—
to melt, settle, and crust, and to be less subject to mov-
ing about by winter winds. It would seem, however,
that the advantages gained in this way would be more
than balanced by the greater exposure of the snow to
insolation.

The fact that the order of magnitude of the stream-
flow excesses during the second period is, except in the
first year after the beginning of denudation, the same as
that for the amounts of snowfall, makes it appear alto-
gether probable that interception by tree crowns, which
was practically eliminated by denudation, is a large
factor in evaporation losses during the winter. The
amount of such losses would, however, vary with the
amount and character of the snow, particularly its
wetness, and with the character and density of the tree
cover. The savings from 1919 to 1926 were probably
abnormally high for the locality of this study, since the
snowfall of this period was above the average, but were
undoubtedly less than might be expected from the re-
moval of a full coniferous stand.

EROSION AND BILT DEPOSITION GREATLY INCREASED

22, A very important consideration, of course, is that
this excess of water flows down the gulch at such time,
and in such volume, that it can not be used even in a
region in which irrigation is extensively practiced, except
by artificial impounding.

Even this appears unattractive when erosion and silt-
ing are given proper weight, for engineers are beginning
to realize that artificial reservoirs are of short-lived value
unless silting can be controlled.
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During the predenudation period the average annual
silt load carried to the dam by stream A was 691.5
pounds net dry weight, and that carried by B was 568.5
pounds. In the second period A carried an average
amount of 477 and B 3,340.1 pounds. The ratio B/A
therefore increased from 0.822 to 7.002, or was about
eight and one-half times as high after denudation.

23. Most of the larger quantities of silt were obtained
in the July cleanings of the basins, covering flood periods
after April 15. The ratio of B to A for this quarter
before denudation was 0.75 and after denudation 9.12.
An increase of about 50 per cent in the average height of
B flood crests, together with any direct effects of denuda-
tion on the soil, are seen, therefore, to have magnified
the silt load of the stream twelve times.

24. Before denudation, one large flood from rain
occurred in October, 1911. The silt measurement for 12
months, ending in July, 1912, shows 1,246 pounds of silt
from A and 788 from B. In August, 1926, a rain which
was far less effective on stream flow, though causing some
quick run-off, produced for this quarter only 50 pounds
of silt from A and 1,073 from B, the normal ratio for this
season being about 1:1.7. The extreme danger of
greatly increasing erosion by the disturbances which
accompany denudation is thus apparent. And, while
all of the silt quantities obtained from these areas are
but a tiny fraction of those which may be obtained from
highly erodable soils, it is believed the tendencies here
shown are indicative of what would obtain under other
conditions.

RECAPITULATION

The proportion of the annual precipitation appearing
as run-off from year to yeardn the undisturbed condition
of the two watersheds ranged from 17 to 42 per cent.
The variations are obviously independent of forest cover
and (seemingly more or less fortuitously) depend upon
the depth of the snow cover, the time whether in mid-
winter or in the spring months, at which the bulk of the
snow fell; and the occurrence of favorable melting tem-
peratures at a critical time.

The flood run-off of watershed B before denudation
was the same as that of A; after denudation of B the
spring flood on that watershed increased to a peak dis-
charge in the third year after denudation of about 35
per cent excess and then diminished until the end of the
experiment when it was 22 per cent greater than that of A.

Before denudation the general discharge ratio B/A
was 1.017, after denudation 1.170. The maximum ratio
for a single year was that of the third year after denuda-
tion, viz, 1.284, diminishing from that figure to 1.153 at
the end of the experiment; the increase in flood run-off
did not result in lowered storage or lowered run-off at
other seasons.

The load of silt carried before denudation by both
streams was very small, after denudation the load on B
stream increased say 5 to 15 fold; but even then the
erosion was only a fraction of that which would have
occurred under different soil conditions, other factors
remaining unchanged. There was very little surface
flow on B watershed outside of that largely induced by
skid trails. Had there been heavy rains and surface
run-off the erosion would have been greater.

The climatic conditions of the two periods were sub-
stantially the same, with the single exception that the
snowfall of the second period was a little greater than that
of the first. The changes in the several climatic elements
whichfmight be assigned to denudation of the B water-
shed have already been mentioned.
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CONCLUSIONS

In the application of these results to other regions,
types of soils, and conditions of climate, there will be
many opportunities for differences of opinion. The pub-
lication of the basic data of this study—the daily meas-
urements of precipitation and stream flow, Appendix I
(Table 66)—will afford students and investigators the
fullest opportunity to make independent analyses of the
data and to draw their own conclusions. The still more
detailed hourly records of stream flow, temperature, pre-
cipitation, ete., are on file in the United States Weather
Bureau and will be made available under proper restric-
tions. Nevertheless the writers believe it an obligation
to sum up the conditions which produced the results as
hereinbefore set forth, and thereby to clarify, so much
as may be possible, their application elsewhere by the
following brief statements.

It has been pointed out that the areas in question,
because of their geological origin and present character
of soil, absorb water readily without appreciable surface
run-off or erosion and therefore represent excellent reser-
voirs for the storage of the precipitation that is released
in greatest abundance when snow melts in the spring.
High heads were produced only when the ground had
become saturated with snow water. Climatic and topo-
graphic conditions being uniform, it is evident that the
height of a flood crest must vary inversely with the
ability of a particular watershed to absorhb and to hold
great quantities of water. The absolute height of the
flood crest under a given set of conditions is, therefore,
an inverse measure of the value of the watershed for
storage.

On the other hand, the low stage of stream flow is also
an indicator df watershed conditions. At Wagon Wheel
Gap, as elsewhere, the great increase in evaporation in
the warm weather of summer, together with the demands
of vegetation which flourishes on the abundant moisture
left by the winter’s snow, causes a rapid drying of the
superficial soil layers, which is not relieved until the crest
of the heat is passed, and vegetation has aged and waned.
In most temperate climates, as in the locality of this
study, the peak of demand is probably passed in the
latter part of August. There is no evidence in this study
that the summer demand for moisture was appreciably
affected by the removal of the forest cover. KEvidently
surface drying proceeded in just about the same way
with forest or herbaceous vegetation. Stream flow, then,
is on the decline until the lessening of surface demands
for moisture permits current precipitation to reach the
deeper soil and add to the supply which is flowing slowl
toward springs. Stream flow in the midsummer period,
in the locality of this study is dependent quite largel
on the storage capacity of the watershed. In other local-
ties it may be more, or less, dependent, as the current
precipitation is less, or more, adequate to meet the current
demands of evaporation. In other words, the low stage
of stream flow reached in later summer is 1n some degree
a further measure of the storage capacity of the water-
shed, and still more clearly a measure of the need for
storage capacity.

The ratio of the high stage of a stream to its low stage,
as reached within these general limist of time is, therefore,
a direct measure of the need for protection of the water-
shed as a storage reservoir. This ratio, if measured over
a number of years, embodies all of the local climatic and
soil factors which affect the régime of streams. The
higher the ratio, the more apparent it is that everything
possible should be done to lower flood crests by retarding
the melting” of snow in the spring or increasing the
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capacity of the soil to absorb quick accessions of water
at any time. The higher the ratio, the more evident it
is that either in spring freshets or those following heavy
rains at any season, water is running off, often superficially,
In a hasty, useless, and destructive manner.

The ability of any "vegetative cover to assist absorp-
tion, thereby reducing surface run-off and erosion under
nearly all conditions and the ability of a forest cover
in particular to retard snow melting, can not be seriously
questioned. On the other hand, a locality whose soil
or climatic conditions are not conducive to extremes of
run-off obviously does not have the need of a protecting
influence in the same degree as & region or watershed
whose streams are not permanent and whose freshets
may yet be strong and destructive. In the absence of
direct measurements of stream flow, the extent to which
erosion of a watershed has occurred may be used as a basis
for estimating the liability of great extremes of run-off.

On the watershed denuded in the present study the
original ratio of high to low stages was about 12 to 1
and this was increased only to 17 to 1 by denudation.
The high stages were made much higher and the low
stages were made slightly higher. In other words,
though the snow water was made available earlier and
in more concentrated volume, the watershed was still
capable of absorbing it after denudation and of retaining
for discharge throughout the year a greater volume than
before, although the amount retained was not increased
in proportion to the flood volumes. It is obvious that
the storage water could not have been increased even to
this extent if these watersheds showed any markedly
increased tendency to yield surface run-off after denuda-
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tion. Any flood excess of water that does not go into the
storage reservoir, can have no effect on the low water
flow from that reservoir. A further factor tending to
reduce the low water flow will be the advance in the time
when the maximum storage is attained.

It is therefore proposed that the ratio of high to low
stages indicates the liability of faillure of the watershed
to exercise its full storage function and hence the need
for protective influences which will cause that function to
be exercised to the fullest possible extent, with the
probability that so far as spring storage is increased
summer flow will be increased, and will not be appreci-
ably decreased by the growing-season drain of the forest
cover.

From the evidence of this study it is estimated that
in a locality where the normal ratio of high to low stages
is more than 25 to 1 with a moderate protective cover,
the probabilities are strong that the low stages would
be made still lower by removing that protection. The
very great possible latitude in this ratio is illustrated by
the stream flow records published by the water resources
branch of the United States Geological Survey, which
show for streams much larger than those here dealt with
(and whose extremes are, therefore, subject to more com-
pensating factors) ratios commonly as high as 50 to 1 and
occasionally as high as 150 to 1 or even higher. These
ratios indicate the infinite possibilities for variation in
the climatic and soil factors affecting absorption and
retention by watersheds and the need for careful induc-
tive reasoning in the attempt to relate even qualitatively
the results derived from one set of conditions to those
which might be given by another set of conditions.



86

TABLE 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch !
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APPENDIX 1
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1911-12
October November December January February . March
Precipi- ~ Precipi- Precipi- B Precipi- . Precipi- ; Precipi-
Date tation Run-off tation Run-off tation Run-off tation Run-oft tation Run-off tation Run-off |
|
A | B A B | A | B A B | A !B A | B B A B | A|B A | B
j
—— N R —_
1208 | 1245 94 | 1057 | 27| 30| ss8| 1083
1200 | 1238 | 69 | 1082 14 14 1040
1273 1235 960 1069 4 4 915 1049
1264 } 1228 952 | 1069 | 24| 24| 923 | 1047
1271 1235 952 | 1069 |...... T. 1022 | 106l
1202 - 1224 948 | 1069 20 190 | 1087 | 1076
125G 2 944 | 1009 10 12 | 1008 | 1075
1233 932 1 4 4 967 | 1074
1234 ‘ @27 1 1073 1 1 947 | 1060
1239 | 931 | 1072 44 44 931 | 1080
1221 031 1069 |occeofaeao. 812 | 1074
1219 ¢ 931 | 1069 ] 5 1062
1216 | 016 | 1069 48 50 902 1074
1191 915 1 1067 |_aoao_i ... 811 | 1055
1177 | 920 | 10567 |oemeeolecenoas 1055
1177 914 1055 5 4 911 1054
1166 | 1140 017 | 1045 Joeemncfonanes 1051
1177 © 1144 032 | 1065 leeemuc|omnaas 1070 | 1063
1164 1154 1055 34 34| 1035 | 1079
1180 . W64 o ‘ 981 908 | 1045 18 18 981 1
1130 i 1164
1123 1163
1123 © 1152
1123 | 1150
1123 ‘ 1140
1112 1124
1104 © 1105
1111 1105
1102 | 1105
1106 1105
1078 | 1103
i
1912-13
952 | 1118

Oix | 1121

6921 1105
931 ! 1094
920 | 1106 |.
420 [ ag ).

1049

938
934
938

% & 0o
]
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TaBLE 66.—Daily run-off in hundred-thousandths of an inch over walershed and precipitation in hundredths of an inch !
1912

April

May

July

August

September

Precipi-
. Date tation

Run-oft

Precipi-
tation

Precipi-

tati

on

Precipi-
tation

Run-off

Precipi-
tation

Run-off

Precipi-

tation Run-oft

A

|
]
|
|

A'B

.|

N e
W ON N

2138
3 Bresk in Dam A caused correctior to be applied to all readings for ensuing 3 months,
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TABLE 66.—Daily run-off in hundred-thousandths of an inch over walershed and precipitation in hundredths of an inch—Continued
1913-14

October November December January February March

Precipi- ~ -Precipi- Precipi- Precipi- ~ Precipi- Precipl-
Date tation Run-oft tation Run-oft tation Run-oft tation Run-oft tation Run-oft tation Run-oft
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f=1
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TasLE 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch—Continued
1914
April May June July August Beptember
Date Precipi- Precipi- Precipi- Precipi- Precipl- Precipi-
tation Run-off tation Run-oft tation Run-oft tation Run-oft tation Rumoff 1 “porion Rup-oft

A

B

A B
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TaBLE 68.— Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch—Continued

1916-17

October

November

December

January

February

March

Precipi-
Date tation

Precipi- Run-off

tation

Precipi-
tation Run-oft

Precipi-

t

ation

Run-oft

Precipi-
tation

Run-off

Precipl-

tation Run-off

A

A B

A B A

o

R BRERER.--E8
8

[ 1=
Hy
(=]

seRNERRg

(2]
—
1
i
'

845 783 ! 650 965
845 776 : 652 | 954
862 781 ! 673 980
858 4 778 | 988
854 | 1033 1 1 772 . 687 ( 987
838 | 1033 8 8 778 691 | 1000
7| 1033 6 6 764 691 | 1013
828 | 1082 | jaee-.. 774 689 | 1
833 | 1012 221 21 774 633 | 1005
839 | 1005 5 51 T 697 | 988
837 | 1012 2 1 763 708 | 1008
831 1017 1 1 773 724 | 1032
828 903 6 4 768 1042
834 | 1000 1 1 760 708 | 1013
834 | 1003 | T. T. 761 693 987
805 | 992 2 2| 769 " 988
799 | 989 1 1 739 606 | 988
793 985 12 12 756 608 | 988
802 | 991 3 3 749 008
797 988 1 1 785 73| 108
744 | 1032
731 | 1006
739 | 1031
743 | 1038
740 | 1083
743 | 1080
7621 1057
743 | 1061
745 | 1046
805 | 1101
836 | 1133
674 | 738
718 742
700 748
708 748
697 736
688 | 741
685 738
638 | 727
687 725
681 725
680
708 736
723 748
710 748
601 | 739
681
702 748
749 767
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Tasre 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitalion in hundredths of an tnch—Continued
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91

1917
April May June July August September
Precipi- Precipl- Precipi- Precipi- Precipi- Precipi-
Date tatlolljl Run-off tatlon Run-off tation Run-off tation Run-oft tation Run-oft tﬂtlo‘l’l Run-6ft
A B A B A B A B A B A B A B A B A B A B A B A B

1339 | T. T. 1148 35

1301 |aeeaoo|oecnen 1100 | 924

1254 ... ... 1070 208

...... 1241 | T, T. 1030 879
............ 1201 | T. T. 107 883
1148 1 1 995 881

............ 1113 32 31 | 1083 934
............ 1083 2 2! 1135 047
1080 19 6| 171 048

1085 4 4| 1092 238

1152 8 8| 1114 967

1222 | T. T. 1067 954

1218 20 23 1134 903

1181 1 1 1008 983

947

940

942

934

952

950

936

Tt 1t et it 1t ot
§°°°§§§§°
I=3=41 1
1Y) »

el lelels

833
810

BREEE

g82

ZILTRES

SSHSsBESY BROEEEBESS

©
&
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TaBLR 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitaiion in hundredths of an inch—Continued

1918-19

Date..

October

November

December

January

February

March

Precipi-
tation

Run-oft

Precipi-
tation Run-oft

Precipi-

tation Run-oft

Precipi-
.tation

Run-oft

Precipi
tation

Run-off

Precipi-
tation

Run-off

A

w
b
-}

A

w
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TaBLe 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch—Continued
1919
April May June July August Beptember
Precipl- Precipi- Precipl- Precipi- Precipi- : Precipi-
Date tation Run-off tation Run-off tation Run-off tation Run-oft tation Run-off tation Run-off
A B A B A B A B A B A B A B A B A B A B A B A B
T T. 8275 | 9024 | T. 854 899
38 38 | 6398 | 8351 | T. 863 897
é 5| 6379 | 7768 [ 872 804
2 2| 6148 | 7223 | T. 873 808
T. T. 6091 1 6808 | T. 877 808
16 18 | 6007 | 6422 (] 881 806
1 2| 5626 | 5959 | T. 886 891
10 10 | 5337 | 5475 4 210 909
8 8| 5138 T. 886 903
2 2] 4892 | 4724 | T, 876 $00
T, T. 4680 | 4435 |......

1814 28 32 | 1432
1773 2 2 1427
1744 3 1353
1702 . T. T. 1328
1857 10 10 | 1300
1618 [ ooooofameeas 1272
1575 |aveaolacal 1195
1537 6 6| 1222
1514 8 8| 1287
1533 | T. T 1227
1528 faaooleaea. 1147
1509 5 6| 1176
1445 1 1| 1197
1463 4 4 1134
1411 4 4| 1135
1402 | T. T. 1135
1404 10 9| 1122
1388 . T. 1133
3
9
2 1149
. 1132
1210
1173
1244
1164
1146
1124
1120
1118
1945 | T. T. 1462 1307 | 1325
1894 2 4 1412 1 1308
1836 10 10| 1424 1171 ) 1259
1886 10 9 01 1141 } 1223
1800 | T. T. 1380 1114 | 1202
1746 2 2| 1336 1100 | 1189
1712 2 2| 1318 1104 | 1201
1639 1 11 1320 1089 | 1191
1657 34 24 | 1454 1 1178
1624 4 4| 1397 1052 | 1164
1619 | T. T 1352
1612 1 1] 13063
1504 19 21 [ 1349
1560 18 18 | 1416
1585 10 10| 1398
1631 . |aaos 1318
1549 | ... 1244
1582 10 8| 1281
1517 20 20 | 1337
1471 25 25| 1379
1488 10 10§ 1383
1522 16 18 | 1350
1539 7 50 | 1364
1536 2 2| 1444
1488 11 11| 1325
1514 | T. T 1276
1440 |- 1230
13687 feee e aen 1211
1342 | T. T 1177
1314 7 8| 1172
1326 50 43 | 1348
1882 18 18 | 1364
1815 | T. T. 1326
1735 4 41 1278
1653 30 32! 131
1609 4 4| 1337
15771 T. T, 1278
15639 [ 8 | 1267
1507 2 5| 1281
1444 40 26 | 1372
1400 3 4| 1330
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TaBLe 86.—Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch—Continued
1921-22

October November Decemher January February March

Run-off recipl- Run-off 1::%‘!"011’:' Run-oft

Precipi-
tation

tation

Precipi-

Run-oft tation

bue | G| meor | T | sanar

g
g
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g

EES5355 SEGBBEEEES umEss
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TasLn 86.—Daily run-off in hundred-thousandihs of an inch over watershed and precipitation in hundredths of an inch—Continued
1922—~Continued

Aprfl May June July August September

Precipi- Precipi- Precipi- Precipi- Precipi- Precipi- ’
Date tation Run-off tation Run-off tation Run-off tation Run-oft tation Run-off tation Run-off

A B A B A B A B A B A B A B A B A B A B A B A B

1923
1. a1 3 968 1211
.. 11 12 1126
I 4 4 917 1100
4 904 1066
5 923 1078
o.. 24 M| 1058 1047
7w 4 5| 1104 1021
8. 1117 1009
9. 1168 1000
20, 1168 1000
T. T. 1287 999
2 2 1518 1043
1630 1067
1 1| 1480 1002
1386 1193
1491 1200
1721 1251
T. | T. 1091 1570
16 127 1 1497
1711 1368
2 28| 1677 1289
65 62 | 1608 1247
n. 1538 1538
% 1365 1448
... 12 10| 1572 1341
... 10 12| 1692 1200
1 (. 2 2| 1685 1318
&K, 19007 1332
2. —...| 2488 1308
Beeevnneaae| T | T 3058 | 3749 4880 | 5706 1536 | 1366 |-.... .| 1058 | 1019 2 2| 1082 | 1044 1211 | 1277
.} ORI WS PRSI RO SO MO S, 4565 | 5231 10 8| 1085 | 1028 20 16 | 1104 | 1074
1924
1 905 | 1224
f S 14 16 17 | 181 ...
3 1140 | 1397 (.__._.
4 1351 | 1479 3
8. 1745 | 1670 6
6. 2%7 ( 1883
Toancsmmca=a) Tt T 2340 | 2020
JRE, T. 2288
emacanmme 14 4| 2075 2281 |......
10 2030 | 2359
) I T. T. 2151 | 2439
12 2730 | T.
13 3093
14, 4295 | 3750
Vhoaraeaee| 7 24 | 4270 | 4158
Beeccaeceane| 14 12 | 2845 | 3061
) | S, 2 2] 2191 | 3448
T. 1064 | 30456 | T.
2080 | 2895 T.
2723 T.
4373 | 3616 | T.
5145 | 4215
5801 | 5314
81 8338 8
18} 5378 | 6520 4
86 | 4583 ( 6109 17
3993 | 5283 18
6] 3571 | 4650 9
e 4254 5
. 3570 | 4077 1

103021 —28——2
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TaBLE 66.—Daily run-off in hundred-thousandths of an inch over watershed and precipitation in hundredths of an inch—Continued

1924-25

Date

October

November

December

January

February

March

Precipi-
tation

Run-off

Precipi-
tation

Run-oft

Precipi-
tation

Run-oft

Precipi-
tation

Run-off

Precipi-
tation

Run-off

Precipi-
tation

Run-off

A B

ER B

8233% B333%

Yl et
28
=1

$35858 333

877
891
888
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TaBLe 66.—Daily run-off in hundred-thousandths of an inch over walershed and precipitation in hundredths of an inch—Cdntinued

1923
April May June July . August September
Precipi- Precipi- Precipi- Precipi- Precipl- Precipl-
Date tation Run-offt | “eation Run-off tation Run-off tation Run-off tation Run-off tation Run-off

A B A B A B A B A B A B A B A B A B A B A B A B

1854 |..oofeceae 2533 15 16 | 1049 | 1148 7 0 835 041
1400 (. __ ... 2532 4 21 1020} 1129 34 50 905 1069 T T 818 021
1488 12 12| 2602 48 58| 1120 | 1258 18 20 837 | 1036 22 18 878 975
1530 8 8| 2640 30 32 1272 1324 1 1 874 | 1012 4 8 856 078
1442 1 2| 2624 1 1) N2 1213 | .. ... 820 066 8 6 857 967
1373 1T 2007 | 3724 |ooe|eeeo.| 1727 1720 0L . ... 1041 | 1047 (Lo . 821 1. 3 I S, 834 M1
1282 6 2533 12 14| 1026 | 1141 4 4 815 920 | vea|ammaa 804 926
1200 4 5| 2446 34 36| 1096 | 1203 34 31 029 | 1012 7 7 043
1400 14 13 | 2398 29 29| 1120 1205 54 56 | 1048 | 1134 |..eoo.feeaao. 812 930

&




